In order to meet the national energy saving goals set in the Vietnam National Energy Efficiency Program in the period of 2019 -2030 (VNEEP), the Vietnamese government has adopted a series solutions and policies to improve energy efficiency. The Vietnam's 63 provinces will be as main actor for the national achievement in energy efficiency. Thus, understanding the province's potentiality of energy efficiency is useful for the harmonious and sustainable development between the economy and energy systems. In this study, provincial and national data from General Statistic Office are analyzed in terms of the energy efficiency levels. With the trends of economic development and energy consumption in both national and regional levels, the Lorenz curve between Vietnamese energy consumption and GDP is investigated. The Lorenz coefficient shows the energy allocation is nether reasonable nor balanced. By using clustering method, the 63 provinces of Vietnam clustered into 7 groups that the provinces in the cluster has the similar indexes of energy efficiency i.e. ability, responsibility, potential and difficulty. The energy consumption and GDP are predicted in the period of 2019 -2025. Based on the difference of GDP development and energy consumption levels, the target of energy efficiency for each province through clustering is set. The results show that 33 provinces included in the cluster 1, 2, 3, 4 and 6 are heavy contribution. Among them, the provinces in the cluster 2 and 3 need to focus on the industry sector in their energy saving policy. The cluster 7 included the under-developed provinces can learn development's experiences of the provinces in the cluster 1, 2, 3 and 4 to find the best way of their future development.
Introduction
An overarching goal of Vietnam's National Energy Efficiency Program period of 2019-30 (VNEEP) is to address energy in tandem with economy development [1] . Specific goal includes: (i) Mobilizing all domestic and international resources to promote EE&C through synchronous implementation of state management tasks and measures, technical assistance, scientific and technology research and product development, market transformation, training and development of human resources, making use of experience and support of the international community in the EE&C sector; (ii) Forming the EE&C habit in every social activity; reducing energy intensity in various professions, economic sectors; energy efficiency becoming the frequent activity for designated energy users and key energy-intensive economic sectors; orienting towards the green growth and sustainable development. In line with these goals, the central government chose to set targets under the metric of 8.0 -10% energy saving based on the prediction of total energy consumption requested for economic development in the period. The VNEEP divided into 2 stages, in which, the first stage is in period of 2019 -2015 with 5.0% saving energy.
To achieve a national target, targets are allocated sub-nationally to provinces, cities, sectors, and enterprises. For the VNEEP, a province's target is set in the Province's Action plan on energy efficiency. In a strong effort to meet the target, provinces need to use a more scientific methodology target, the 31 Chinese provinces are divided into 5 clusters with reduction form of 5 levels ranging from 10% to 18%. This paper adopts the cluster analysis in multivariate statistical analysis to group the 63 Vietnamese provinces into clusters based on provincial similarities in economic, emissions, and reduction potential. Then energy saving targets are assigned to each cluster according to the equity or efficiency principle, and allocation results and policy implications are also discussed. This allocation method emphasizes the major differences between regional clusters while it ignores the minor differences within each cluster.
Data and methodology

Indicator selection and cluster analysis method
Allocation principles in energy efficiency efforts are often based on economic ability, energy consumption levels and energy saving potential. Indicators should be selected to reflect the characteristics of different provinces, especially the characteristics of energy consumption and energy conservation. There are four categories of the indicators used in the study (Table 1 ). The first category includes indicators reflecting the responsibility of energy conservation. If the total economic volume and energy consumption of the region are large, the responsibility of energy conservation is heavy. The second category includes the indicators reflecting the energy conservation potential or difficulty, which can take into account the energy intensity, industrial structure, urbanization rate and other indicators. The third category includes the indicators reflecting the energy conservation ability. The indicators reflect regional economic development and regional financial strength. 
Responsibility
The proportion of energy consumption (PEC)
Reflecting the contribution to the achievement of national targets 2.
Proportion of GDP to the country (PGDP)
Reflecting the contribution to the national GDP
Per capita energy consumption (PCEC)
Reflecting the level of energy consumption 4.
The proportion of industrial added value to GDP (PI)
Reflecting the contribution to the provincial GDP 5.
Regional GDP growth rate (RGDPGR)
Reflecting the rate of development 6.
Potential
Energy consumption per unit GDP, kgOE/VND mil.
Reflecting the potential of energy conservation.
7.
Energy consumption per unit of Industrial Value Added (ECPIGDP)
Reflecting the potential of energy conservation in industry 8.
The proportion of the third industry(or second industry) of GDP (3rdIPGDP)
Reflecting economic structure, the high proportion of industry, the potential of energy conservation is relatively large. Reflecting the change of residential energy consumption
Based on the 12 indicators above, the cluster analysis as a multi-variate statistical analysis is applied to group the similar provinces into clusters. Cluster analysis methods fall into two categories: hierarchical cluster methods and non-hierarchical cluster methods. Following suggestions from related researches [7, 8, 9] , this study adopts a two-step procedure: the hierarchical cluster method is first employed to establish the proper number of clusters, then the cluster centroids from the first step are used as the initial condition of a non-hierarchical cluster method, which helps to fine-tune the results from the hierarchical cluster method.
For the first step of hierarchical cluster analysis, the method of Ward [10] is selected because it outperforms other hierarchical cluster methods when outliers are absent [7] . Some researches on regional cluster analysis also suggest that Ward's method gives the best interpretative solution [8; 9] . In Ward's method, the union of two clusters occurs when it results in minimum information loss, which is measured by an increase in error sum of squares (S). If there are n clusters, and Sk is the error sum of squares for the kth cluster, then:
where nk is number of provinces in the kth cluster, xi is a column vector comprising the 12 indicators of ith province, k x is the centroid of the kth cluster (averages of provinces within this cluster). Total error sum of square is defined as:
In each step, every possible fusion of two clusters is considered and the pair of clusters which lead to the least increase in S will be united. In the second step, the number and centroids of clusters generated from Ward's method are used as initial conditions for the K-means non-hierarchical method [11] . The procedure is as follows: (i) definition of k initial cluster centroids; (ii) an observation is assigned to the nearest cluster, followed by a recalculation of the new cluster centroid; (iii) repeating step 2 until the results remain unchanged.
Allocation method
Here, Gi is defined as the reduction target for the ith cluster of province, Gi is computed as follows:
where a is an adjustment coefficient (a>0); and Wi is the weight for the ith cluster (0<Wi<1); The relationship between provincial and nation energy efficiency target is calculated as follows:
where ECi,y and ECy are the energy consumption of the ith cluster and of the whole nation in y year, respectively. Yi,y and Yy are the GDP of the ith cluster and of the whole nation in y year, respectively. In Eq. (3) the energy consumption of the ith cluster and of the whole nation in y year can be computed from their respective values in the period of 2011 -2018 using historical trend and the reduction targets (this study is based on the 5% national energy consumption reduction target):
This equation indicates that the GDP of the nation and each province should be forecasted first in order to determine the value of a. Then the reduction targets (Gi) of each cluster can be computed from Eq. (2). Finally, Wi determines the relative value of the reduction target of each cluster, and is calculated as follows:  . The value of αj is based on different allocation principles.
Allocation principles
The allocation target based on each province's potential for energy saving, along with consideration of economic development level. It considers equity based on past performance and potential for improvement. The target allocation takes into account the historical variation in energy consumption trends among the provinces, and applies similar energy consumption trends for the years of the first stage of the VNEEP (2019 -2025). Provincial energy trends are assumed to remain similar (e.g., fast-growing provinces still grow faster than slow-growing provinces). The rate of economic (GDP) growth was assigned to each province based on its growth rate trend in the past with an adjustment referring to the national growth rate.
Since this is a methodology for allocating a national target among the provinces, the analysis combines top-down national projections with bottom-up provincial in terms of energy and GDP to determine provincial intensity targets that will meet the national target. In other words, based on a chosen national intensity target level, iterative calculations are done on the provincial levels to determine provincial targets. Because the methodology is developed for the implementation of the VNEEP, it focuses on the years 2019 to 2025, with 2017 as the base year.
The methodology has three main steps:
Step 1. Project National-Level Values to 2025.
Step 2. Project Provincial-Level Energy and GDP Values to 2025.
Step 3. Calculate Provincial energy saving Target Allocations. The adjustment of targets is a process of trial and error until a satisfactory allocation scheme is obtained. In addition, special circumstances should be taken into account in the adjustment of targets. It depends on the actual situation of the country and the regions. Allocation schemes can also be used as a basis to negotiate with regions.
When adjusting the targets, it should be paid enough attention to the balance between the realization of regional goals and the realization of national goals. Usually for the target of energy consumption reduction rate, the trial calculation is carried out by adjusting one percent point upward or downward each time until the ideal result is obtained.
Data sources
The economic development and energy consumption in Vietnam's 63 provinces were taken based on statistics in period of 2011 -2018 from the General Statistic Office, Ministry of Plan and Investment, Vietnam.
Results
Energy efficiency development analysis
The development trends of the economy and the energy consumption in recent years is considered as main factors affect the energy efficiency of national and provincial level. It can see that the tendency of economy development in Vietnam is considerably in the period of 2011 -2018. The total GDP of Vietnam was just 2.1 million of VND billion in 2011 but in 2018, it reached 5.5 million of VND billion, about 2.6 times expanded. Vietnamese economic growth remained in stable at the range of 5.0 -7.0% in the period. The rate is highest in 2018 with 7.08%, appositionally to the global economic growth rate. Influences of the changes in the Vietnamese government policy for restructure of economy may attribute to the stability of the GDP's growth rate.
With the high growth of the Vietnamese economy, the demand for energy is also increasing. The energy consumption in the period of 2011 -2018 is shown in Figure 2 Figure 2 ). In the period, the reduction of the energy intensity is about 65%.
Figure 2. Vietnam's energy consumption and energy intensity from 2010 -2018
In Vietnam, the energy resources and the energy demand are distributed reversely. The imbalanced distribution is also a cause for different energy efficiency levels in different provinces. Through the economic development and energy consumption analysis, the fitting method of the Lorenz curve is employed to explain the relationships between energy consumption and GDP development levels in recent years. With the application of the Lorenz theory, it can represent the energy allocation situation in different provinces and also show the national energy allocation situation in different years. The overall energy allocation situation in recent years will be explored and presents in The S line in Figure 3 stands for absolute equality which is an ideal energy allocation situation. The fitted curve shows a polynomial relationship between the accumulative values of GDP and final energy consumption in the period of 2010 -2018. It can see that the Lorenz curve is a convex above the S line which resulted from the more consumed energy than the output of GDP meaning that the low energy efficiency level in the period. The area between the Lorenz curve and the absolute equality line is 0.0511 said as Lorenz coefficient represents the overall wastage caused by inefficiency allocation since the energy allocation in Vietnam was nether reasonable nor balanced. The extensive economic development and the imbalance between the energy supply and -demand can be considered as the main reasons for the low energy allocation efficiency. Based on this circumstance, it should improve the national energy intensity as the main way of energy saving allocation for the provinces.
Cluster analysis
In order to eliminate the effects of different scales, the cluster analysis is carried out with standardized variables. Figure 4 . It indicates that provinces can be grouped into 7 clusters. The detail provinces included in each cluster is shown in Table 3 . The centroids of the 7 clusters will be used as initial condition for the K-means method, where the same result is still obtained (see Table 4 ), confirming that the result from Ward's method is reasonable. Clusters 1 is region with a developed economy but with low reduction potential. Cluster 1 includes two municipalities, i.e., Ha Noi and Ho Chi Minh city, and represents the most advanced level of economy, with its per capita GDP over VND 90 mil. and the highest sharing of the total energy consumption (24%) as well as of GDP (28%) those are much higher than the other 6 clusters. This high level of living standard also leads to high per capita energy consumption. However, its economic structure and energy efficiency are relatively optimal, indicating a low reduction potential. Cluster 2 includes 3 provinces, which are featured by large scale industry and high total energy consumption which shares 20% of the national energy consumption whistle contributed 8.0% share of GDP. The cluster 3 seems to be energy efficiency likely as the cluster 1 because of the GDP share contribution is higher than the energy consumption share. It also takes note that the number of provinces in this cluster is two times higher than in the cluster 1. Cluster 7 has numerous of provinces, taking almost 1/3 number of the Vietnam's provinces (27/63), however, it is less contribution in the GDP although energy consumption takes about 11% of the national level. It is noticeable for cluster 6, which included 5 provinces. A characteristic of these provinces is that the service sector takes high share in the economy. However, the cluster's energy consumption share is higher than its contribution on national GDP may attribute to problems in behavior's energy use. Table 5 shows the indicator values for all clusters. 
National-level projection of energy consumption and energy saving.
National-level projections of energy and intensity for the first stage of the VNEEP are based on three main assumptions: (1) a national energy saving improvement target of 7% over the period of 2019 -20125; (2) annual GDP growth of 7.6%; and (3) a little shift in energy structure, from 41% industrial, 25% residential, 34% other energy (service, transportation, etc..); to 37%, 27% and 26%, respectively. Using these assumptions, energy and GDP are projected out to 2025. Figure 5 shows the results of the national-level projections of energy consumption, saving and energy intensity. In national level, the energy consumption increases yearly and will reach about 104 mil. TOE. Assignment of 7% energy saving, the total energy saving in the period is about 41.67 mil. TOE. The energy intensity will decrease yearly from 2019 to 2023 and be level-off in the remaining year. In general, the improvement of the energy intensity will be not much due to small lifting the economy structure.
Allocation of energy efficiency target for the provinces
Under the national socio-economic development defined in the national-level projection in cooperation with historical trend of each province, the regional energy consumption and the socioeconomic development is projection. Table 6 shows the predicted amount of the final energy consumption for each province. The predicted results confirm the consistency to the province clustering. Provinces included in the cluster 1, 2 and 3 are main players in the future energy consumption of Vietnam. As shown in Table 6 , the energy consumption for each province increases yearly in the period. All provinces, the energy consumption in 2015 will be double in comparison in 2019. It means that the regional economic development still bases the intensive energy consumption. The VNEEP has set the goal of the national level target is 7% saving of total energy consumption in the period of 2019 -2025, the 63 provinces are main actors to implementation of the national target. Therefore, allocation of the national target to the provincial target ensures that sum of the province saving energy amount has to meet the national energy saving amount. The allocation mechanism has to be based on the provincial characteristic of energy efficiency such as responsibility, ability, potential, difficulty.
Using MATLAB genetic algorithm programming, the amount of saving energy of each province was iteratively calculated and re-examined to meet the national goal. Detail calculation results are shown in Table 7 . As seen in Table 7 , each cluster assigns different energy saving target. There are 28 provinces included in the cluster 1, 2, and 3 assigned higher rate of saving energy than the national rate. These provinces had high economic development level and high energy consumption. Among those cluster, the cluster 1 included Ha Noi and Ho Chi Minh city contributes highest share for national GDP assigned lower energy saving rate than the cluster 2 and 3. It is reasonable assignment because of their high percentage of energy consumption in service sector (logistic, transportation, commercial etc.). The cluster 2 and 3 assigned 7.90 % and 7.65 %, respectively. The provinces include in these clusters had economic development based secondary industry. The provinces in the cluster 4 has restructured economy based on industrialization recently and will play important role in the future of Vietnam energy consumption. The cluster 5 included Hai Phong, Can Tho, Da Nang, and Binh Thuan province is allocated 7.0% equal to the national goal level because these provinces had economic development strongly focused on services. The cluster 4 and 7 are set 6.75% and 4.50% saving target, respectively. Specially, the cluster 7 included 27 provinces assigns only 4.75% energy saving rate. These provinces are lowest level of economy development with economy feature is only based on the primary industry. Table 8 shows the amount of saving energy for provinces consistency with the 7.00% national energy saving target in the period of 2019 -2025. Understanding the potentiality of energy efficiency is useful for the harmonious and sustainable development between the economy and energy systems. In this study, provincial and national data are collected to analyze the energy efficiency levels in Vietnam. The trends of national and regional economic development and energy consumption are used to predict the energy consumption requirement need for economic development in the period of 2019 -2025. It also reveals that the energy saving allocation in Vietnam is uneven. Combined with the different GDP development and energy consumption levels, the target regions of energy efficiency analysis are newly divided via a cluster analysis method. The provinces are classified into 7 clusters. Based on this, a quantitative calculation method is employed to estimate the amount of saving energy of each province. The results show that 33 provinces included in the cluster 1, 2, 3, 4 and 6 are heavy contribution. Among them, the provinces in the cluster 2 and 3 need to focus on the industry sector in their energy saving policy. The cluster 7 included the under-developed provinces can learn development's experiences of the provinces in the cluster 1, 2, 3 and 4 to find the best way of their future development.
